Preliminary clinical evaluation of a new ventilator, which embodies a new valveless design principle and a circuit which is open to atmosphere, has been performed on adult patients undergoing surgery. Using normal respiratory fresh gas flows (100mlkg~1min~1) ftcoj and A02
Although the new generation of conventional ventilators are complex and expensive they still lack versatility for general application and are not suitable for high frequency ventilation. As a result, interested Hiniriam have developed their own high frequency systems (Bohn et al., 1980; Chakrabarti and Sykes, 1980; Sjostrand, 1980) and, consequently, the clinical applications of this technique have been limited and clinical evaluation restricted to a few case reports (Sjostrand, 1980; Rossing et al., 1981; Davey, Lay and Leigh, 1982) .
A new valveless all-purpose ventilator has been developed and described in the previous paper (Chakrabarti and Whitwam, 1983) . Its circuit is illustrated in figure 1. This paper describes the preliminary evaluation of this ventilator in patients.
PATIENTS AND METHODS
Observations were made on 12 adult patients anaesthesized with a thiopentone, opiate, nitrous oxide-oxygen sequence. Pancuronium was administered to produce neuromuscular blockade. All were about to undergo either cardiac or intrahepatic biliary surgery. The patients undergoing cardiac surgery were studied in the anaesthetic room before surgery. Observations on the patients undergoing liver surgery were made during surgery and in the early part of the recovery period. Their ages and weights were in the ranges 30-70 yr and 55-90kg, respectively. All were in ASA grades I-III. A radial artery and the right internal jugular vein were cannulated and access obtained to peripheral veins for the infusion of fluids. Arterial and central venous pressures, the ECG and heart rate were displayed on an oscilloscope and pen recorder (Roche, Monitor 120). .FE'CC>2 was measured near the patient's airway with a fast response infra-red analyser (Gould Godart MK III). The airway pressure was recorded continuously with a strain gauge and heated stylus recorder (Devices MX2).
A Y-connection was attached to the piped oxygen supply in the operating theatre. One limb was used to supply the Boyle anaesthetic machine, and the other to provide the driving gas for the new ventilator. The patients were ventilated initially on a conventional ventilator (Engstrom Type 300 or Manley) and then transferred to the new machine. A normal ventilation volume (NW) (lOOmlkg^'mkr 1 ) of an anaesthetic gas mixture was supplied as the respiratory fresh gas (RFG) throughout the period of mechanical ventilation. The ventilatory gas composition throughout the study was 70% nitrous oxide in oxygen. The respiratory rate for the Engstrom ventilator was set at 12 b.p.m. and for the Manley, having set a fresh gas flow from the anaesthetic machine of 100mlkg" 1 min" 1 , the tidal volume (VT) was adjusted to give a ventilation frequency of 12 b.p.m.
On transferring to the new ventilator, its rate was set at 12 b.p.m. initially^ the same fresh gas flow (100mlkg~'min~1) from the anaesthetic machine was maintained and supplied as the RFG, and the jet driving pressure was adjusted to give approximately the same VT and FE'CO?. At normal ventilation frequencies the tidal volume was measured using a Wright respirometer, which had previously been calibrated using a spirometer placed between the endotracheal tube and the fresh gas flow input to measure the expiratory volume. At high ventilation frequencies a pneumatochograph system (Gould Medical) was used which was calibrated with the nitrous oxide-oxygen mixture using a syringe pump. When the new ventilator was set the effect of the following changes was observed: (1) Doubling the RFG (that is the anaesthetic gas supply from the Boyle machine). (2) Increasing the ventilation frequency in steps up to 200b.p.m. This was done solely by changing the frequency control. (3) Application of PEEP and NEEP. (4) At the end of the surgical procedure, in the patients undergoing hepatic surgery, and after reversal of the neuromuscular blockade and withdrawal of nitrous oxide, mechanical ventilation was continued at 12 b.p.m. with a decreased VT so that with the return of spontaneous breathing the machine was providing IMV. The effect of the return of spontaneous breathing on the •FE' CCh was observed. The requirement of RFG during spontaneous respiration, following discontinuation of the artificial ventilation, was determined. After each maneouvre 15 min was allowed to reach a new steady state.
Where appropriate, statistical analysis was performed using paired t tests and a probability value of less than 5% was accepted as significant.
RESULTS
Changing from a conventional to the new ventilator caused no significant changes in P&o 2 and P&cCh (table I) .
During normal operation of the ventilator at 12 b.p.m. with a normal ventilation volume, the FE'COJ trace'showed, in addition to the end-tidal peak, a small increase during the inspiratory phase ( fig. 2 ). Doubling the RFG removed this feature without changing FE'COJ ( fig. 2 ). It can also be seen (table I) that there was no significant change in blood-gas tensions when the RFG was doubled.
High frequency ventilation
In a s^udy on six patients undergoing liver surgery the ventilation frequency was increased from 12 to 60 b.p.m. and it can be seen (table I) that there were no statistically significant changes in blood-gas tensions.
In a further study on five patients about to undergo cardiac surgery the effect of ventilation frequencies of 12, 45, 60 and 100 b.p.m. was observed. 
PEEP and NEEP
PEEP and NEEP can be readily applied with this machine (fig. 4) . In one patient who was about to undergo cardiac surgery the ventilation frequency was increased in steps up to 200 b.p.m. (fig. 5 ). There was a progressive decrease in peak airway pressure and an increase in end-expiratory pressure and the PEEP caused by HFV decreased using the NEEP facility ( fig. 5 ).
IMV
During reversal of the effect of the neuromuscular blocking drug, at the end of surgery, the contribution from the ventilator was decreased progressively as spontaneous respiration returned.
During spontaneous respiration the breathing system is a T-piece and the RFG was doubled to maintain a normal FTL'.C&I-Throughout the transition f romf*"rtificia] to spontaneous respiration, the patients remaina quiet, they did not fight the ventilator and when breathing wai adequate and chest movement nonnal the endotracheal tube was removed without any need tor a change of breathing fyscooi or rnauMT 1^ vontdauon.
FIG. 2. End-tidal carbon dioxide concentration at different _, . . _ . respiratory fresh gas flows: A-lOOmlkg-'min"
1 ; B= Peak inflation pretsure 150 ml kg" 1 min" 1 ; c= 200 ml kg" [ min"'. It was found that, using the same tidal volumes, with the same FE'CC^J P&OI and Pac&i, the peak inflation pressure was approximately 30% less for the new ventilator compared with a Maniey (fig. 6 ).
DISCUSSION
This preliminary evaluation of the first prototype of this ventilator reveals that it has the capability to ventilate over a wide range of frequencies and this can be achieved merely by changing the rate control without inducing any statistically significant changes in blood-gas tensions. One advantage of this machine is that, being a pressure generator, the inspiratory flow pattern is similar to a combination of a reverse ramp and a sinusoidal pattern and provides a highly efficient ventilation system (Baker et al., 1982) . However, like all pressure generators it is sensitive to changes in compliance. However, this can be overcome by using a simple servo system such that the driving pressure will respond to changes in the volume of ventilation. However, even constant volume ventilators, with conventional circuits, contain large compressible volumes which means that considerable changes in alveolar ventilation may occur in response to changes in pulmonary compliance. Moreover, the measurement of the volume of ventilation may be a poor indicator of the efficiency of ventilation in the presence of abnormal lungs or during HFV. Severinghaus and Stupfel (1957) have shown in the dog that the physiological deadspace decreases when there is a decrease in tidal volume ( VT) and that the relationship is non-linear. As yet there has been no comparable study in man on the relationship between VT and VD and the minimum VD in man may be extremely variable (Rossing et al., 1981) . Thus, the measurement of VT during HFV may give little information about alveolar ventilation. However, it is desirable to continue to monitor the efficacy of ventilation during HFV without resorting to repeated blood-gas analysis. A better approach may be the use of FE'ccv The relatively slow response time (300 ms) of conventional infra-red carbon dioxide analysers means that, as yet, they have been considered inappropriate during HFV. However, as shown in figure 3 , on returning to a lower ventilation frequency (12-30b.p.m.) , which is within the response time of the infra-red carbon dioxide analyser, the true FE'CCh can be recorded by the third breath. Since with this ventilator the F^Oj and AcOj do not change to any significant extent with a change in ventilation frequency, this manoeuvre can be used to sample the efficiency of ventilation when required. Unlike other ventilators with a high frequency capability, this machine uses a low respiratory fresh gas flow from a low pressure source which is not diluted by entrainment. Other high frequency ventilators in which the driving system is separated from the respiratory gas use some form of machine pump (Butler and Bonn, 1979; Bonn et al., 1980) and have obstructions or valves in the breathing system. In the machine described here, because there are no valves and the circuit is open to atmosphere at all times the maximum pressure which can be generated in the breathing system is only that which is required to ventilate the lungs. Using a high ventilation frequency, the peak inflation pressure is lower than at normal frequency. During IMV the patient can breathe at any time and the "fighting" and desynchronization seen with conventional ventilators does not occur. Thus, there is no need for a complex sensing and triggering system to synchronize the ventilator driving system with the patient's respiration.
Two of the patients, who had low pulmonary compliances (25-30 ml cm H 2 O~'), were ventilated satisfactorily without requiring the use of the "overdrive" jet JO ( fig. 1) .
Sterilization is not a problem, as the circuit is either sterilizable or disposable. A bacterial filter on the expiratory limbs acts as a silencer and also ensures bacteria-free expired gases. 
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SUMARIO
Se llevo a cabo en pacientes adultos sometidos a operaciones una evaluaci6p clinica preliminar de un nuevo vcntilador en el cual se incorpora un principio nuevo en su concepto por no tener valvula y estar abierto en la atmosfera. Al usar corrientes de gas respiratorio nuevo (100 ml kg" 1 min" 1 ), se comprobo que el PaCC>2 y el PaO} eran los mismos que con un ventilador dasico. La ventilacion dc alta frecuencia (HFV) hasta 100 b.p.m. no causo cambios significantes del PBCO2 y del PaCh. Las presiones de pico de las vias respiratorias eran menores en un 30% que con un venrilador Manley y bajaron en un 40% adicional durante la HFB. Se apUcaron con facilidad los PEEP, NEEP, CPAP e IMV.
